La roue de maxwell 



Présenté par les étudiants : 


Ould cherchali hocine 


^ MatérieCs : 

■ Base de support. 

■ Tige du support. 

■ Bloc ou vis de fixation. 

■ Règle métrique. 

■ Une paire d’indicateur. 

■ La roue de maxwell. 

■ Dispositif de support avec câble de déclanchement. 

■ Deux fils de connections. 

^ (Partie théorie : 

On a la relation : 

— i: pûr£?ir;ê'L l L l £ “I" ^translatioTi "f ^rotation 

i i 

i" -* -* , -»2 i r — i >2 

E t = m.g.s + —mv ■+ — 1 z cù 

m : la masse de disque 
g : accélération de gravitation 
s : hauteur 

v : vitesse de translation 
I : moment d’inertie 
(o : vitesse angulaire 

D’après l’energie total est constante (conservation), alors 
dF / I \ , dw 


Manipulation 

En calcule t may et s mav tel que 
f 1 H - t'2 H - f’î ^ 

^moy ~ ^ e t. s moy ~ j 

En calcule les incertitudes 
Pour la distance "Ah ' on a : 

As = A s irLSt + A s îgcatrg 4- A s mgsurg 
As inst = 0.5mm ,As lgcturs = 0.5mm r As mgsîirg = max\s f - 
Pour le temps ,r 5r": 

ôt = fftjfîstï ^ïe-cttif e ï 3t mesuri 
3i :nst = ^-Ol-S r^igcturff = 0 s r^mgsurg = — t n!Q _ v | 

Pour le temps ,r At' r : 

Af — At fnst + At lg c [ UT g + At mssure 
0,001s , A ij-fg. Os , At htb mnx|tj 

Application numérique : 

As 1 = 0.2 H ’1Q — ” in 

As inst = 0.5mm , As lgctlirÉ = 0.5mm , 

^mesure = max|sj - S may | = 0.1 X 10” 2 m 
St-L = 0.25s 

3t inst = 0.0 ls ,St îgctilrg = 0 S , 

^"•mesure I 0.24s 

SAt^ = 0.005 s 


6At inst = 0.001s ,SAt lgctlirg = 0 s , 
SAt mgsurff = mnjr|tj — t m0Y | = 0.004s 


As 2 = 0.3 x 10 ~m 

As inst = 0.5mm , As ;ecrurÉ . = 0.5mm , 
^mesure = “ s moy I = °- 2 x ^Ü~ 2 m 

St 2 = 0.03s 





B *tnst = O.OIS ,St îffcturg = O S , 

Î7t£l3.|£f I O.QiS 

3àin — 0.002 s 

SAt inst = 0.00 ls ,SAt lgctltrg = 0 s , 
SAt mgsurg , = max |t E - - t may \ = 0.001s 
iis 3 = 0.3 x icr-ffl 

ASj nsf = O.Smm ,A s îgcturg = 0.5mm , 
As mgsur9 = “ s moy I = 0 2 x 10 

St 3 = 0.14s 

ÔL inst = 0.01s .. st lgcturg =05, 

mfix|£j I 0,13s 

3At2 = 0,001s 

3At inst = O.GOls r 6At lgctiirg = 0 s , 
8At mgsurff = l i ~ tjaay I = °-°00s 

As 4 = 0.2 X 10" 2 m 

As inst = 0.5mm ,às Igctur0 = O.Smm , 
A s mgsurg = ma^|s ; - s may \ = 0.1 x 10 
St . i = 0.0 5s 

5t inst = 0.0 ls ,5t lffcmrg = 0 s , 
^«ihi» = “ t m0 y \ = Ü-04S 

3At± = 0.001 S 

3AL inst = O.OOls , SAt lgcatrg = 0 s , 
SAt mgsurg . = max\t f - t moy | = 0.000s 
As 5 = 0.3 x 10 _2 m 

A s inst = O.Smm ,A s lgcturs = O.Smm , 
TÏIQ,X | S- ^may I 0. z, X 10 




St= = 0.16s 


Btfns t = 0 .01s r St lffCturg = 0 S , 

ÎTtflx|tj t mD jj I 0.15s 


3àt s = 0.002 s 


= 0.001s , SM lgcmre = 0 s , 
£At mesti „ = max | t É - = 0.001s 


♦♦♦ En calcule les vitesses moyennes et l’incertitude AV: 


t / _ 

% o >’ 

V?’C.V 


r = 2.5mm 



^1 moy 
^2 'ffloy 
^3 moy 
W moy 
^'5 moy 


s A may 27.3 X 10~ 2 


^1 moy 

4.54 

s 2 moy 

41.1 x 10" 2 

' 2 moy 

5.54 

moy 

48.0 X 10“ 2 

^3 moy 

6.26 

5 4 moy 

37.9 X 10“ 2 

^4 moy 

5.29 

S S moy 

16.7 X 1Ü“ 2 


t 


5 m oy 


= 6.01 X 10 _2 m/s 
= 7.41 X 10 ~ z m/s 


= 7.66 X 10 ~ z m/s 


= 7.16 X 10 ~ 2 m/s 


= 4.94 X 10 2 mf s 


3.33 


Donc: 


Kt loy 


AV _ As S: 
V . + r 


/As St' 
AF = V moy (— 4- 

AFi = Fi J3 


s t •' 
A 5 


— -|- — = 6 . 
i tj 


6.01 X 10 


-7 


àV 2 = v 2 moy 


AF, = V, 


S n:û,>’ 


AF 4 — l'4 m(} y 


^5 = ^5 moy 


S 

A s 2 

S, 

As, 


4 


4 


S tjN 
t 2 )~ 

— = 7. 

5t4\ 
t 4 / 

5ts\ = 

U ) 


A s 4 St. 

s 4 t 4 

As= Sè 
— + 


7.41 X 10' 


7.66 x 10' 


7.16 x 10 


— 7 : 


4.94 X 10' 


0.2 X 10 


-2 


4 


0.25\ 


,27.3 X 10 " 2 4.54/ 


0.03\ 


0.3 X 10 


-■? 


,41.1 X 10 
' 0.3 X 10' 


77 + 


48.0 X 10' 


4 


0.2 X 10 


-7 


7? + 


37.9 X 10 
? 0.3 X 10 " 2 
1 16.7 X 10 " 2 


4 


5.54 J 
0 , 14\ 
6.26 y 

0.05 \ 
5^29/ 
0.16\ 


3.38 


= 0.0037 m/s 
= 0.0009 m/s 
= 0.0021 m/s 
= 0.0010 m/s 
= 0.0032 m/s 


En calcule "f" 


f = t 4 


^ L moy 

2 

AtJ 


moy 


'lmav 0.055 

£ 1 = f 1 moy + ij/-^ = 4 ‘ 54 + 2 

0.039 

2 

0.035 
2 

0.040 


= 5.54 + 


^2 ^2 moy 1 

«i-W + ^-6. 26 + 

AF 

t; = t4 mo >. + = =S.29 + — 

A £ c ->yi n v 0,070 

£ 5 = t s mo> . 4 - — ^ = 3.38 4 — — 


4.577s 

5.559s 

6.277s 

5.310s 

3.415s 


En calcule "Ai": 


At 2 = Sti 4 SAt x = 0.250 4 0.005 = 0.255s 

At 2 = St 2 4 SAt 2 = 0.030 4 0.002 = 0.032s 

At 3 = St 3 4 SAt 3 = 0.140 4 0.001 = 0.141s 

At 4 = St 4 4 SAt 4 = 0.050 4 0.001 = 0.051s 

Àt 5 = St 5 4 SAt 5 = 0.160 4 0.002 = 0.162s 

En calcule les vitesses instantanées. 

/ At\ 





-7 


V- 


6.01 x 10 
1 (4.577) 

7.41 x IG" 2 


t 7 z mst 


V, 


S insr 


Vi 


4 ('ns t 


v= 


(5.559) 
7.66 X 10 " 2 


(6.277) 
7,16 X 10 
(5.310) 


4.94 X 10"" 


-2 


5 i,1£f (3.415) 

En trace le graphe V = f [ t j . 
On a dans le graphe V = A. t 


= 0.0131 m/s 
= 0.0133 m/s 
= 0.0122 m/s 
= 0.0134m/s 
= 0.0144 m/s 


Et théoriquement V — 


m,g 


r - t 


r a 


Donc A = 


TTC .fl 

m-H— 

T ü 


Calculer ±^4 • 

A mtn = tan 41.30 = 0.39 
A max = tan 53.04 = 1.32 

Calculer j 1 m ( n &t l max : 


m.g 


_ 2 (3 ^ TU 

4r :in ~~ 1 


A . = 

"mm 




=* 4na* = r 2 m 


^îlî[Iï\ 

?uax ■' 

) 


r* 


A 
'g ~ 

4 

"mMÏ 


i min = (0.25) 2 (0.4365) 
I max = (0.25) 2 (0.436 5) 


9,31- 1,32 

1.32 
9.31 - 0,39 


4 = 


0.39 

An ai + J mm 0.175 + 0.273 


j = 0,175 kg /cm 
■J = 0.273 kg /cm 


= 0.224 kg /cm 2 = 2240 kg/m 


M z = 


I — I ■ 

l max £ 7nin 


0.273 - 0.175 


= 0.049 kg /cm 2 = 490 kg/m 


Déterminer les différentes énergies : 


On a la relation suivante 


^ T ^potentielle ^ translation ^ rotation 

1 i 

E t = m.g t s + -mÉ~ + -l z co~ 

2 2 

^ En calcule l’énergie potentielle 

Ep i = — m.g.s lmov = —0.4365 X 9,81 X 27,3 X 10 _ ~ = —1,169 J 

Ep ^ = —m.g.s Zmov = —0.4365 X 9,81 X 41,1 X 10 - ' = —1,759 J 

E p 3 = -î-n.0.s 3 mQV = -0.4365 X 9,81 X 48,0 X 10 -2 = -2.050 J 

£p 4 = —m.g.s imür = —0,4365 X 9,81 X 37.9 X 10 = —1,622 J 

Epz j = —m.g.s 5mov = —0.4365 X 9,81 X 16.7 X 10 -2 = —0.71 SJ 

S En calcule l’énergie de translation 
1 1 

E t ! = -mvl moy = -CO.' 4365) (6.01 X 10 _2 ) = 0.0131 J 

2 2 

1 1 

E z i = -™ v ïm 0 y = ~ (0.4365) (7.41 X 10 -2 ) = 0.0161 J 

2 2 

1 1 

3 = -mvl moy = - (0.4365) (7.66 X 1Q“ 2 ) = 0.0167 ; 

2 2 

1 1 

E t 4 = -mvi mûy = -(0.4365) (7, 16 X 10” 2 ) = 0.0156 ; 

2 2 

1 1 

E t 5 = ~mv§ may = -(0.436 5) (4.94 X 10 -2 ) = 0.0107 J 

S En calcule l’énergie de rotation 

Eol = i fi a=i(0.224)t^P = 0.107/ 

lb 1 2 z r* 2 (0,25'r 


E R2 = -I z 'Ar = - ( 0 . 224 ) 1 ' ~ 41 :ii 1C L = 0,132 / 

K z 2 z 2 f0,25l 2 J 

£jî 3 = ï4Ï=ÎC0.224) 


(0,25)“ 
(7,66X10 _z ) 
(0,25) s 


= 0,137 J 


e D4 = -i z %r= - ( 0 . 224 ) = 012 a j 

11 4 2 z r* 2 (0,2 5) 2 

mécanique de l’énergie 


5 = i/l = i (0.224) (iîiïlip = o. O 08 / 

lb 3 2 z r~ 2 (0.25) J 


Après les étapes qu’on a suivi on conclue qu’on peut calculer avec la roue de maxwell plusieurs paramètres : 
moment d’inertie, énergie potentielle, énergie de translation et l’énergie de rotation, et en plus en vérifie la 

loi de conservation 


N° 

S (m) 

t (S) 

if (s) 

O) 

As (Vrïj 

^??iLoy £» 

St (s) 

A W (*) 

S&t (s) 

1 

27.2X 10“ : 

4.78 

0.055 

27.3 X 10“ 2 

0.2 X 1Q" 2 

4.54 

0,25 

0.055 

0,005 


27.4 X 10“ : 

4.35 

0.053 








27.3X 10“ : 

4.47 

0.059 







2 

4i.o X 1Q“ 2 

5.53 

0.039 

41.1X 10" 2 

0,3 X 10" 2 

5.54 

0,03 

0.039 

0,002- 


41.2X 10“- 

5.54 

0.040 








41.3X 10“" 

5.56 

0.039 







3 

48.2 X 10"" 

6.32 

0.035 

48.0 X 1Q“" 

0,3 X 10“ : 

6.26 

0,14 

0.035 

0.001 


47.9X 10“ 2 

6.35 

0.035 








48.0 X 10“' 

6.13 

0.035 







4 

37.9X 10“' 

5.33 

0.040 

37.9 X 10“' 

0,2 X 10“ 2 

5.29 

0,05 

0.040 

0.001 


38.0 X 10“" 

5.30 

0.040 








38.0 X 1Q“ : 

5.26 

0.040 







5 

16.9 X 10“ 2 

3.53 

0.071 

16.7 X 10“ 2 

0,3 X 10“ 2 

3.38 

0,16 

0.070 

0.002 


16 . 7 X 10“' 

3.25 

0.070 








I6.5X 10“' 

3.37 

0.070 









3.415 



Ce graphe cfe C'energie potentielle en fonction 
cfu temps 




Ce graphe d'energie de 
retaüon en fonction du 

temps 


